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[57] ABSTRACT

An mage processing apparatus has a slice binarizing
circuit, a dither process circuit, maximum and minimum
density measuring circuits, a comparator for determin-
ing if each image area is a binary or halftone image area,
and a RAM for storing an output from the comparator.
An average value of the difference between the maxi-
mum and minimum densities can be calculated, and

~ outputs from the slice binarizing circuit and the dither

process circuit can be ANDed or ORed in accordance
with a comparison result of the average value with a
reference value. An image density gradient or image
tone data in an 1mage block can also be calculated to
allow multi-level quantization and optimal image repro-

duction.

37 Claims, 33 Drawing Figures
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FIG.13(A) ~ FIG.13(B)
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IMAGE PROCESSING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to an image processing
apparatus which can be suitably adapted for an elec-
tronic file, a facsimile system, a reader, a digital copying
machine or the like.

2. Description of the Prior Art

A conventional image processing apparatus i1s known
which has a slice binarizing or digitizing circuit for
binarizing original image data by slicing it at a predeter-
mined threshold level, and a binarizing circuit for per-
forming a pseudo halftone reproduction.

An example of an apparatus of this type has a dither
binarizing circuit. The dither binarizing circuit converts
an image signal output from a solid-state image pick-up
device such as a CCD into digital signals corresponding
to pels by a 6-bit A/D converter. The circuit then per-
forms a dither process of the digital signals to thereby
perform binarization. In addition to such a dither bina-
rizing circuit, this apparatus has a slice binarizing cir-
cuit. The slice binarizing circuit has predetermined
threshold levels for a dither matrix and slices the digital
signals at these threshold values, thereby performing
slice binarization.

In this apparatus, a so-called automatic density con-
trol function ordinarily used for a facsimile system is
frequently added. According to this automatic density

control function, the background of an original image is
detected to set a threshold level above the detected
background level so as to suppress non-clearness of the

reproduced image due to the influence of the back-
ground. When this automatic density control function 1s
actually added to the slice binarization function, since
each digital image signal corresponds to a pel, the slice
binarizing circuit becomes large in size. For this reason,
the overall apparatus becomes expensive.

As has been described above, various image process-
ing apparatuses have been proposed which form images
using different processing methods in accordance with
an image tone of an original. More specifically, when an
original has an image which does not include any half-
tone portion, such as a binary image of black and white
including only characters and the like, a slice binarizing
method is adopted in which each pel density of the
original 1s compared with a predetermined threshold
level (an intermediate level between black and white) to
perform binarization. However, when an original is an
image including a halftone image portion such as a
photograph, the well known dither method is adopted
due to economy and effectiveness.

However, originals do not usually contain only char-
acters or photographs but frequently include both pho-
tographs and characters. In view of this, an image pro-
cessing apparatus has been recently proposed which can
selectively use the slice process method and the dither
method. In this apparatus, while an original image is
read, 1t 1s discriminated in accordance with a predeter-
mined algorithm if the read original portion is a charac-
ter image or a photograph image. One of the slice pro-
cess methods and the dither method are adopted iIn
accordance with the discrimination result obtained so as

to form an optimal image.
FIG. 1 1s a block diagram showing the configuration

of the image processing apparatus of this type. Refer-
ring to FI1G. 1, a maximum density measuring circuit 1
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(to be referred to as a Dmax measuring circuit hereinaf-
ter) divides image data VD into unit blocks each con-
sisting of 4X4 pels and calculates a maximum density
Dmax for each block. A minimum density measuring
circuit 2 (to be referred to as Dmin measuring circuit
heremnafter) divides the image data VD into similar
blocks as in the circuit 1 and calculates a minimum
density Dmin for each block. Each of the Dmax and
Dmin measuring circuits 1 and 2 comprises a RAM (not
shown) having a capacity of {main scan pel number/4
pels) X (4 or 6 bits), and a comparator (not shown). The
image data VD is received from an image reader or the
like. A subtracter 3 calculates the difference Dmax -
Dmin) for, each block in accordance with the outputs
from the Dmax and Dmin measuring circuits 1 and 2. A
comparator 4 compares the difference Dmax - Dmin)
received from the subtracter 3 with a predetermined
reference value Ct. The comparator 4 produces a 1-bit
image area discrimination result RE1 which is “1”
when the detected image area is a binary image area and
1s “0” when the detected image area is a halftone image
area. Discrimination of an tmage area i1s performed
when each fourth line scan is completed. A RAM 5
latches the current result RE1 until the next four line
scan 1s completed. The members 3, 4 and 5 constitute a
first discriminating means A1l. A slice binarizing circuit
6 1s a binarizing process means for binarizing image data
VD 1n a line sequence manner. A dither process circuit
7 1s a binarizing process means for similarly performing

the dither process of the image data VD in a line se-
quence manner to perform binarization. The dither
process circuit 7 and the slice binarizing circuit 6 de-

scribed above are operated in synchronism with the
discrimination of an image area described above. RAMs
8 and 9 delay binary data Dd and Ds from the circuits
7 and 6 by a time interval corresponding to 4 lines. A
switch SW1 selects one of the binary data Dd and Ds
for the same image area and is operated by the image
area discrimination result RE1 received through a gate
circuit 10.

Thus, in this apparatus, the input image data VD is
delayed for a time interval corresponding to 4 lines, and
1s subjected to the dither process or the slice binariza-
tion 1n units of blocks in accordance with the image area
discrimination result RE1. The resultant binary data is
selectively produced. In this manner, a binary image
and a halftone image contained in a single original can
be subjected to the slice binarization and the dither
process, respectively, and are reproduced properly.
The binary data is supplied to an output device such as
a printer.

In this apparatus, therefore, an original is divided into
unit blocks each consisting of 4 X4 pels. When the dif-
ference AD between the maximum value Dmax and the
minimum value Dmin of the image densities within each
unit block is greater than the predetermined reference
value (t, the corresponding 1mage is determined to be a
binary image area. Otherwise, the corresponding image
1s determined to be a halftone image area. This method
requires a relatively small circuit and is practical. How-
ever, assume a case wherein this method is used to re-
produce an image of an original which has significant
density changes from a gray level close to white to a
gray level close to black. In this case, a block at a
boundary corresponding to an abrupt density change is
determined to be a binary image area. As a result, the

density change of the reproduced image becomes (gray



3

level relatively close to white)-(white)-(black)-(gray
level relatively close to black). Thus, an abrupt change
from (whlte) to (black) is involved.

FIG. 2 is a graph showing such changes in 1mage
density. Referring to FIG. 2, a solid curve a shows the
density distribution over image areas A(1), A(0) and
A(—1), and a dotted curve B shows the reproduced
density distribution. Since density changes ADj and
AD _ i for the image areas A(1) and A(—1) are respec-
tively smaller than the predetermined reference value
'Ct, these areas are determined to be half tone images.
These image areas are therefore subjected to the dither
process and are reproduced in gray levels. In the image
area A(0), since the density change ADg exceeds the
reference value Ct, this image area is determined to be
a binary image area. Therefore, within the image area
A(0), pels of a portion A'(0) having a level smaller than
a slice level A are reproduced with density O, 1.e., In
white. However, pels of a portion A”(0) having a level
exceeding the slice level A are reproduced in black, The
reproduced image has the density changes of (gray level
relatively close to white)-(white)-(black)-(gray level
relatively close to black) as has been described above.
Thus, an .edge corresponding to the change from
(white) to (black) is emphasized, and a noisy image is
reproduced. This problem may be resolved if the refer-
ence value Ct is increased. However, in this case, char-
acters of low levels are subjected to the dither process
and are reproduced in gray levels. Therefore, the refer-
ence value Ct is generally set to be near the threshold
level for binarization. This means that the two problems
cannot both be resolved at the same time and that a
reproduced image corresponding to details of an origi-
nal image cannot be obtained. | |

As has been described above, another image process-
" ing apparatus has also been proposed. According to this

.~ apparatus, a selection is made between the binarization

process in which the density gradient within a pel block

consisting of 4X4 pels is calculated and signals are

sliced in accordance with a predetermined threshold
level, and the pseudo halftone process of 17 gray levels
obtained with a 4 X4 dither matrix. One of these pro-
cesses is properly selected, so that image reproduction
of an original containing both a line or character image
and a halftone image can be performed. In order to
reproduce a halftone image such as a photograph with
‘about 64 gray levels, the unit gray level discrimination
image area must be enlarged to a pel block of & X8 pels.
When the unit gray level discrimination image area 1s
enlarged, there 1s too large a difference between the
resolution in the image area reproduced by the binary
process and the resolution in the image area reproduced
- by the half tone process. That is, the former resolution
is about 16 pels, while the latter resolution is about 2
pels, resulting In an Inconvenience.

In an image pmeessmg apparatus havmg an image

~ discrimination function, in order to perform image pro-

cessing in accordance with image density, an output
from a solid-state image pick-up element such as a CCD

4,709,274
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which is proportional io the incident light intensity is

utilized. In order to achieve a correspondence of the
output with the image density, a signal proportional to
the density is prepared by using, for example, an analog
correction circuit or by converting (y-correcting) a
quantized image signal with an ROM or the like. There-
- after, binarization and other necessary processes are
performed.
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However, this analog correction circuit requires ad- -
justment. The correction with an ROM causes a reduc-
tion in the amount of data obtained after correction.
Both methods are thus proved to be unsuitable. |

In an image processing apparatus of this type, the
background of an original image or both the back-
ground and the image are detected to determine a slice

level used for binarization. When each pel density ob-
tained in the main scan is sequentially compared with a
threshold level to obtain image data, if a predetermined
threshold level is determined in accordance with the
maximum and minimum values of the image densrty
obtained in the main scan, it is possible to detect a uni-
form density of the background and to seta cerreSpond-
ing threshold level. However, in a diazo original, it is
difficult to set a threshold level to detect a white pel and
to thereby perform so-called background skipping. -
It is also difficult to prevent an erroneous setting of a
threshold level due to a bit defect of a solid-state image
pick-up element. In view of this, it is considered to be
effective to detect an average value of the pel densities
within a suitable range and to set a threshold level in
accordance with the determined average value. -

SUMMARY OF THE INVENTION

It is an object of the present invention to eliminate the |
above problems.

It is another object of the present invention to pro-
vide an image processm g apparatus which is capable of
reproducmg an image of high quality. | |

It is still another object of the present mventmn to
provide an inexpensive image processing apparatus. |

It is still another object of the present invention to
provide an image processing apparatus which 1s inex-
pensive and which has an image discrimination function
to allow excellent image reproduction.

Another object of the present invention 1s to prowde
an image processing apparatus which can form an

| 1mage corresponding to an original :unage with hlgh.

precision.

A further ob_]ect of the present mventlon is to prowde |
an image processing apparatus which has an mmage
discrimination function and which has an mcreased
number of gray levels in a reproduced image.

It i1s still another object of the present invention to
provide an image processing apparatus which can mini- -
mize the difference between resolutions of reproduced
image portions correSpondmg to a slice bmanzed image
area and a half tone image area. | |

It is still a further obj ject of the present invention to-
provide an image processing apparatus which has a
simple configuration and which can produce an image
of excellent quality.

Still another object of the present invention is to
provide an image processing apparatus which has a
simple configuration and which allows a suitable slice
level. -

It is still another object of the present invention to
promde an image processing apparatus which has a
minimum circuit size and which widens an image area
for calculating an average value of pel densities, so that
the average value of the pel densities in an original
image is detected in real time and a binarization process
of image data corresponding to eaeh original 1 image can
be performed. |

Another ob_]eet of the present invention is to provide
an 1mage processm g apparatus which allows settmg ofa
slice level in real time.
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The above and other objects will become apparent
from the following description taken in conjunction
with the accompanying drawings and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram showing a conventional
image processing apparatus; |

FIG. 2 1s a graph showing the density distribution and
the reproduced density distribution in image areas A(1),
A(0) and A(—1), respectively;

FIG. 3 1s a block diagram showing the configuration
of an image processing apparatus according to an em-
bodiment of the present invention;

FIG. 4 1s a block diagram showing an example of the
configuration of an image discriminating circuit of the
apparatus shown in FIG. 3;

FI1G. 5 1s a diagram for explaining the correspon-
dence between a digital image density and an original
density; |

FI1G. 6 shows memory areas of a RAM in the image
discriminating circuit shown in FIG. 4, the memory
areas being shown in sequential states for storing the
density data;

FIG. 71s a circuit diagram showing an example of the
configuration of a slice binarizing circuit of the appara-
tus shown 1n FIG. 3;

FIG. 8 shows the signal waveforms at the respective
portions of the circuit shown in FIG. 7;

FI1G. 9 1s a block diagram showing an image forming
apparatus according to a second embodiment of the
present invention; |

FIG. 10 1s a graph showing the reproduced density
distribution when the same image as in the case of FIG.
2 1s processed using the apparatus shown in FIG. 9;

FIG. 11 1s a block diagram showing an image pro-
cessing apparatus according to a third embodiment of
the present invention;

FI1G. 12 1s a block diagram showing an image pro-
cessing apparatus according to a fourth embodiment of
the present invention;

FIGS. 13(A) to 13(D) are diagrams showing exam-
ples of dither matrices which are used in the image
processing apparatus shown in FIG. 12;

FIG. 14 1s a timing chart showing the signal wave-
forms at the respective parts in the apparatus shown in
FIG. 12;

FIGS. 15(A) to 15(D) are diagrams showing exam-
ples of tour types of dither matrices which can be used
to obtain a five-level reproduced image;

FIG. 16 1s a block diagram showing an image pro-
cessing apparatus according to a fifth embodiment of
the present invention;

FIG. 17 1s a data map written in the ROM of the
apparatus shown in FIG. 16;

FIG. 18 1s another example of a data map written in

the ROM of the apparatus shown in FIG. 16;

FIG. 19 1s a block diagram showing an image pro-
cessing apparatus which has a variable threshold level
according to a sixth embodiment of the present inven-
tion;

F1G. 20 1s data map written in the ROM of the appa-
ratus shown m FIG. 19;

FIG. 21 1s a block diagram showing an image pro-
cessing apparatus according to a seventh embodiment
of the present invention;
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FIGS. 22 to 25 are graphs showing slice level setting
for binary and three gray level processes of the image
density:;

FIG. 26 1s a block diagram showing a modification of
the configuration shown in FIG. 21; and

FI1G. 27 1s a flow chart for explaining calculations

performed by a CPU 107 in the apparatus shown in
FIG. 26.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

The preferred embodiments of the present invention
will be described in detail below.

FI1G. 3 shows an image processing apparatus accord-
ing to a first embodiment of the present invention. A
6-bit A/D converter 11 (A/DC) converts into a 64-
level digital image signal S1 an analog image signal SO
corresponding to a pel density and supplied from a
solid-state image pick-up device 19 such as a CCD. An
image discriminating circuit 12 as an area discriminating
means detects an image density gradient in accordance
with a digital image signal S1 continuously supplied
from the A/D converter 11. Thus, the circuit 12 dis-
criminates 1f the current image area (block) is a binary
image area such as a character or line image or a half-
tone image area such as a photograph.

A comparator 13 1s of 6-bit digital type. A ROM 14
stores a dither matrix of 4 X4 pels. The parts 13 and 14
are used as a second binarizing means for binarizing the
digital image signal S1. A slice binarizing circuit 15 is a
first binarizing means for binarizing the analog image
signal SO.

RAMs 16 and 17 are 1 bit X 16 Kword RAMS which
store binary image signals S5 and S3 produced from the
slice binarizing circuit 15 and the comparator 13, re-
spectively. The RAMSs 16 and 17 are used to match the
timing of a discrimination signal S2 from the image
discriminating circuit 12 with the binary image signals
S3 and S5. In accordance with the discrimination signal

52, a multiplexer 18 (MPX) selectively supplies to a
printer 20 or the like binary image signals S6 and S7

produced from the RAMs 16 and 17.

The binary image signals S6 and S7 can be supplied to
devices and circuits other than a printer, such as an MH
encoder circuit.

FIG. 4 shows an example of the configuration of the
image discriminating circuit 12. RAMs 21 and 24 are of
6-bit X 1 Kword type. Comparators 22 and 26 are con-
nected to output terminals O of the RAMs 21 and 24,
respectively. Flip-flops 23 and 25 (F/F) are connected
to write enable terminals WE of the RAMs 21 and 24,
respectively. The output terminals O of the RAMs 21
and 24 are also connected to a RAM 29 through a sub-
tracter 27 and a comparator 28. The RAM 29 i1s a 1-

55 bitX1 Kword RAM storing a discrimination result.

60
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The RAM 21, the comparator 22 and the F/F 23
divide the 6-bit image density data which is sequentially
read, 1.e, a signal S1 received from the A/D converter
11, into unit blocks each consisting of 4 X4 pels. They
also detect the maximum density Dmax of the pel den-
sity in each block.

Detection of the maximum density Dmax will be
described with reference to FIGS. 5 and 6.

FIG. 3 shows an example wherein the pel density
which 1s read by the solid-state image pick-up device 19
such as a CCD and which is A/D converted by the
A/D converter 11 1s arranged in correspondence with
the original.
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FIG. 6 shows the memory area of the RAM 21. AS
 shown in (A) of FIG. 6, the RAM 21 may comprise a
memory which has a memory space for storing data
which is obtained by, for an original having a length of
256 mm in the main scan direction, dividing an image
read at a resolution of 16 pels in the main scan direction

into 4 pels, that is, data corresponding to image areas A0
to A1023. |
Referring to FIG. 5, arrows H and V, respectively,

correspond to the main scan direction and sub scan
direction of the original. Each of the unit blocks (image
‘area) A0, A1, and so on includes 16 pels=4X4 pels.

When the CCD is performing a main scan of the

(4n+ 1)st line, it is assumed that the pel data S1 consist-

ing of:

37— 10—10—8—9—s...

is sequentially supplied to the comparator 22 and the
RAM 21 in synchronism with the scan clocks for read-
ing pels. The comparator 22 sequentially compares the
thus received pel data with the data stored in the RAM
21. If the received pel data has a higher density than
that stored in the RAM 21, an output from the compara-
tor 22 is held by the F/F 23 and the RAM 21 is set in the

write mode.

When the start data of the (4n - l)st line is supphed to
the comparator 22, it is unconditionally written in the

RAM 21 as the initial value in the image area containing
the current data. That is, referring to FIG. 5, the pel
data “3” is the initial value for the image area A0, and
data “8” is the initial value for the image area Al.
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‘image area A0 is read out from ihe RAM 21 and 1s

supplied to a subtracter 27.
In the same manner as the operation of the RAM 21 |

the comparator 22 and the F/F 23, the RAM 24, the
comparator 26 and the F/F 25 detect the minimum

density Dmin of pel densities in each image area.

The subtracter 27 calculates the difference (Dmax

—Dmin) between the maximum density Dmax and the

minimum density Dmin of each image area, that 1s, a
density gradient of each image area. A comparator 28
compares the supplied gradient (Dmax—Dmin) with a
preset reference value C. If Dmax —Dmin > C, the cor-
responding image area is determined to be a binary
image area containing lines or characters. However, if
Dmax—Dmin<C, the corresponding image area is

- determined to be a halftone image area such as a photo-

20

25

30

During scanning of the image area A0, when the next

data “7” of the (4n+ 1)st line is supplied to the compara-
tor 22, the initial value “3” stored in the RAM 21 is read
out and the two data are compared with each other.
Since 7> 3, the contents of the RAM 21 are updated
from “3” to “7”.

- When the next pel data “10” is supphed in a similar
manner, the contents of the RAM 21 are updated again.

"~ When the transfer of the 4 pel data in the image area A0

of the (4n--1)st line is completed, the maximum density
value “10” among the four pels is written, as shown in
(B) in FIG. 6, at the address of the RAM 21 correspond-
ing to the tmage area AQ.

In the scanning operatlon of the image area A1 of the

35

graph.

- When the comparator 28 thus determines that the
image area is a binary image area, it produces an output

of “1”. However, when the comparator 28 determines -
that the image area 1s a halftone area, 1t pmduces an

output of “0”.

The discrimination result of “1” or “0” from the

comparator 28 is stored in a RAM 29 and is held fora

time interval of the current 4-line scanning. The dis-
crimination signal S2 as a 1-bit discrimination signal 1S
supplied to the MPX 18 for later use as a binary i Image
signal switching.

The binarization process for a halftone image area
will be described below.

The comparator 13 compares the digltal image signal |

'S1 with a threshold matrix (dither matrix) stored in the

ROM 14 and stores a comparison result in the RAM 17.
Therefore, the RAM 17 stores binary signals *“1” and
“0”” which are obtained by the halftone process (dlther_

- process) of pel densities of an image.

45

(4n+ 1)st line, a maximum density value “9” is similarly

stored. Likewise, this processing is repeated 1,024 times
for all the image areas in the (4n+ 1)st line. When scan-
ning for all the image areas in this line are completed,

1,024 data are written in the respective addresses of the

RAM 21 as the maximum density values in the respec-
tive image areas of the (4n4-1)st line.

In the scanning operation of the (4n+2)nd line, a
comparison of pel data with the maximum density value
of the corresponding image area in the (4n+ 1)st line is
- performed. In this case, when the process for the
(4n+2)nd line is completed, data “10” is written as the
maximum density data in the area of the RAM 21 corre-
sponding to the image area A0, as shown in (C) of FIG.
6. L |

Similarly, when scanning for the (4n+3)rd and
(4n+4)th lines is completed, data “15” 1s wntten as
shown in (D) and (E) of FIG. 6. |

Before the initial value “20” is stored as the lnltlal
value in the process of the next ((4n- 1)+ 1)st line, the
detected data “15” as the maximum density Dmax in the

50
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- The binarization process for a bmary image area will
be described. |

In a general binarizing circuit for a binary i image area,

“a binary determination of black or white 1s performed

for each pel of an original. When an original having a
background is to be processed, a background density of
the original and a density (information density) of a
character or the like are detected. A threshold level
corresponding to each gray level detected is sequen-
tially determined to be used in binarization. In process-
ing a binary image area, it is preferable to suppress
reproduction of an image background and to form a
clear image with a hlgh resolution. |

In this manner, 1t 1s qmte easy, as in a conventional
apparatus, to use a digital image signal and to slice the
digital image signal at a predetermined threshold level

to thereby perform binarization of a binary image area.

However, it i$ extremely difficult to detect the back-

-~ ground density as well as the information density of an

60

65

original and to sequentially shift the threshold level for
each pel.

A digital circuit may be adoptecl to perform at hlgh
speed binarization for a binary image area by perform-
ing an average value calculation for densities of several
pels and a threshold level calculation for such several
pels. However, this method presents a problem of a
large circuit scale. In view of this problem, binarization
for a bmary image area is performed by analog signal
processing.

FIG. 7. shows an example of the configuration of the
slice binarizing circuit 15.
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Referring to FIG. 7, a differential amplifier 30 sub-
tracts a predetermined reference value Vref from the
analog image signal SO and produces a positive or nega-
tive output signal. A maximum density signal D'max is
produced when the output from the differential ampli-
fier 30 is positive. The signal D'max is passed through a
diode D1 and is averaged by a capacitor C1 and a resis-
tor R1. The average value is stored in the capacitor CI.
A minimum density signal D'min is produced when the
output from the differential amplifier 30 is negative. The
signal D'min i1s passed through a diode D2 and is aver-
aged tnrough a capacitor C2 and a resistor R2. The
average value is stored in the capacitor C2.

A threshold value Vth is obtained by dividing by a
resistor a voltage across the two ends of the capacitor
C1 or C2. The threshold value Vth can be rendered
variable through a variable resistor VR to allow density
control. When the resistance of resistor R3 and the
variable resistance VR are set to be larger than those of
the resistors R1 and R2, discharging from the capacitors
C1 and C2Z can be negligible.

The threshold value Vth is supplied to a comparator
31 which also receives an output from the differential
amplifier 30. Thus, the analog image signal S0 1s con-
verted into a binary image signal S5 which is supplied to
the RAM 16.

FI1G. 8 shows the relationship between the signal SO0,
D’'max, D'min, Vth and S5. Even if the average level of
the image signal SO changes, dark and bright levels are
independently detected in the form of an average value.
Therefore, the threshold level can be set to be an inter-
mediate value at all times, so that image data can be
- binarized with a high efficiency.

Discimination of an image area can be performed for
each 4 lines, that is, for each block of 4X4 pels, along
the main scan direction. In order to select one of the
binary image signals 83 and S5 1n synchronism with the
discrimination signal S2, the signals S3 and S5 must be
delayed for a time interval corresponding to 4 lines. In
consideration of this, the sliced binary image signal S5
and the dither processed binary image signal S3 are
delayed by the RAMSs 16 and 17, respectively.

The sliced binary image signal S6 and the dither pro-
cessed binary image signal S7 are supplied to the MPX
18. The MPX 18 selects one of the input signals and
supplies the selected signal to a printer or the like.

A means for slice binarizing the analog image signal is
not limited to one in the embodiment described above
and can be performed by comparing the analog image
signal with an image signal which is previously received
and has been delayed through a delay circuit or the like.
The circuit in this case can also consist of a small num-
ber of circuit elements, as in the case shown in FIG. 7.
Furthermore, the image discriminating circuit and the
discriminating algorithm are not limited to those de-
scribed above and various other circuit configurations
and algorithms may be adopted. Therefore, the present
invention must not be construed to be limited to the
above embodiment.

A second embodiment of the present invention will
now be described with reference to FIGS. 9 and 10.

The same reference numerals as in FIGS. 1 and 2
denote the same parts in FIGS. 9 and 10 and a detailed
description thereof will be omitted.

Referring to FIG. 9, a Dmax measuring circuit 1, a
Dmin measuring circuit 2, and a discriminating means
Al correspond to the image discriminating circuit 12

shown 1in FIG. 4.
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FIG. 9 i1s a block diagram of an image processing
apparatus of the second embodiment of the present
invention. An adder 41 performs an averaging calcula-
tion in accordance with (maximum density Dmax — -
minimum density Dmin)/2 for each block in accor-
dance with the maximum density Dmax and the mini-
mum density Dmin received from the Dmax and Dmin
measuring circuits 1 and 2. A comparator 42 compares
the average value received from the adder 41 with a

predetermined reference value Bt. The comparator 42
produces an 1mage area discrimination result RE2

which 1s “1” when the image area is dark and is “0”
when the image i1s whitish. As in the case of a discrimi-
nation performed by the comparator 4, the image area
discrimination by the comparator 42 is performed for
each 4 lines. A RAM 43 stores the current discrimina-
tion result Re2 until the next 4 lines are scanned. The
members 41, 42 and 43 constitute a second discriminat-
ing means A2. Gate circuits 44, 45 and 46 are connected
to the output sides of the RAMs 5 and 43. The gate
circuit 44 produces an output of “1” when the average
value 1s larger than the reference value Bt and the out-
puts from the RAMSs S and 43 are both “1”. The gate
circuit 45 produces an output of “1” when the average
value 1s smaller than the reference value Bt and the
outputs from the RAMs § and 43 are “1” and “0”, re-
spectively. When the image area is determined to be a
half tone image area, i.e., when the output from the
RAM 51s “0”, the gate circuit 46 produces an output of
“0”. In this case, the gate circuit 46 produces an output
of “1” irrespective of the average value. An OR gate
circuit 47 and an AND gate circuit 48 are connected to
RAMs 8 and 9, respectively, which latch the binary
data Ds obtained from a slice binarizing circuit 6 and
the binary data Dd obtained from a dither binarizing
circuit 7, respectively. A switch Sa is connected to the
output end of the OR gate circuit 47. A switch Sb is
connected to the output end of the AND gate circuit 48.
A switch Sc 1s directly connected to the output end of
the RAM 9. These switches Sa to Sc are operated in
response to outputs of ““1” from the gate circuits 44 to
46, respectively. The switches Sa to Sc and the gate
circuits 44 to 46 together constitute a selecting means
A3. The selecting means A3, the first and second dis-
criminating means Al and A2, and the Dmax and Dmin
measuring circutts 1 and 2 constitute a discriminating-
/selecting means A. The circuit shown in FIG. 9 dis-
criminates for each image area if this image area is a
dark image area or a whitish image area. One of the
switches Sa to Sc is turned on in accordance with a
discrimination result.

When the switch Sa is turned on, that 1s, when the
image area 1s a dark image area, the binary data Ds from
the slice binarizing circuit 6 and the binary data Dd
from the dither binarizing circuit 7 are ORed (as in
process a to be described later). Therefore, the image
data produced at this time has a clear black edge (e.g.,
edge of a black character) as compared with image data
which 1s obtained by the dither process.

When the switch Sb is turned on, that is, the image
area 1s a whitish image area, the binary data Dx from the
slice binarizing circuit 6 and the binary data Dd from
the dither binarizing circuit 7 are ANDed (as in process
b to be described later). Therefore, the output image
data produced in this case has a clear white edge (e.g.,
white character with a black background) as compared
to 1mage data which 1s obtained by the dither process.
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When the switch Sc is turned on, since this image

- area is a halftone image area, the binary data Dd from
~the dither binarizing circuit 7 is directly produced. The

binary data is supplied to an output device such as a

printer or to an MH encoder or the like. |
In this embodiment, the switches Sa to Sc are oper-

ated by the gate circuits 44 to 46. However, the OR gate

circuit 47 may be turned on only when there 1S an out-

put from the gate circuit 44.

The images as described above with reference to the

former embodiment are processed in the image process-

ing apparatus of this embodiment having the above-
described configuration. A binary image area A(0) of
interest is subjected to the process (to be referred to as
the process a hereinafter) as indicated by the dotted line
(a) in FIG. 10 or the process (to be referred to as the

3
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15

process b hereinafter) as indicated by the alternate long

“and short dashed line (b) in FIG. 10 in accordance with
the average density of this area. |
 In the process a, portions of the image area A(0), a
portion A’'(0) (portion which will be reproduced in
white upon binarization) having a density lower than
“the slice level A is subjected to the dither process fol-
lowing the image area A(1). A portion A"”(0) of the
image area A(0) which has a density higher than the
slice level A is reproduced in black in accordance with
" the slice binarization. As a result, the reproduced image
in the image area A(0) will not involve any abrupt
change in density from (white) to (black) as in the con-
ventional case, and an image with an emphasized black
edge next to the image area A(—1) is obtained. |

In the process b, the portion A”(0) (portion which
will be reproduced in black upon bmanzatlon) having a
density higher than the slice level A is subjected to the
dither process following the image area A(—1). The
portion A'(0) of the image area A(0) having a density
smaller than the slice ievel A is reproduced in white in
accordance with the slice binarization. As the result, the
reproduced image of the image area A(0) will not have
an abrupt change in density from (white) to (black).
Therefore, an image with an emphasized edge to the

 image area A(1) is obtained.

Which one of the processes a and b is selected is
determined in accordance with which one of the
switches Sa and Sb is operated. In other words, the
selection of the processes a and b 1s determined in accor-
dance with which one of the gate circuits 44 and 45
produced an output of “1”. Therefore, the condition for
adopting the process a or b is summarized as follows:

TABLE 1
Condition Process
(Dmax + Dmin)/2 = B a
(Dmax 4+ Dmin)/2 < B b

35

The condition summarized in Table 1 is an example
for a simplest application of the present invention. In
accordance with this example, the process a 1s selected
so as not to reproduce a white region at an edge when
the average density (Dmax+Dmin)/2 of a binary image
- area exceeds a predetermined reference value Bt, that is,
when the image is dark. However, when the average
value (Dmax+Dmin)/2 of the binary image area is
smaller than the reference value Bt, the process b is
selected so as not to reproduce a black area at the edge
~ portion. As shown in FIG. 10, the positive or negative
gradient of the density need not be specifically consid-

ered if the process a or b is adopted. The predetermined
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reference value Bt can be the slice level A. An interme-
diate density can be an average value of 16 pels within
each block or an internal ratio of the densities Dmax

and Dmin in'accordance with a predetermined ratio. In

general, backgounds have small density and characters -
are black. Therefore, in the case of a character image
portion, the background is reproduced in a halftone

image while the binary image area is subjected to the

process a so as to improve the resolution of the charac-
ters. Then, clear character images can be obtained.

In accordance with a third embodiment of the present
invention, a process mode for performing a complete
binarization can be adopted. | |

In accordance with Table 1, one of the Processes a
and b is selected for a slice binary image area. However,
depending upon a particular original, a conyentional
slice binarization produces a better result. For example,
in the case of an original such as a dot image original
having many thin lines within a single image, the dis-

‘crimination results of image areas will continuously
‘indicate binary image areas. In such a case, image areas

adjacent to an image area of interest are discriminated,

and the image area of interest is discriminated in accor-

dance with the obtained discrimination result. More
specifically, when an image area of interest is discrimi-
nated to be a binary image area and the immediately
preceding and succeeding areas (along the main scan
direction) thereof are similarly discriminated to be bi-
nary image areas, neither of the processes a and b is
selected but the conventional slice binarization is
adopted. In this case, the resolution is improved. =
- FIG. 11 is a block diagram showing the main part of
an image processing apparatus according to the present
invention. The same reference numerals as in the former
embodiments denote the same parts, and a detailed de-
scription thereof will be omitted. The circuit configura-
tion prior to the RAMs 5, 43, 8 and 9 is similar to that
shown in FIG. 9 and 1s therefore omitted.

Although each of the gate circuits 44 and 45 in this
embodiment has three input terminals unlike the earlier
embodiments, they are designated with the same refer-
ence numerals since they operate basmally in the same
manner.

Referring to FIG. 11, the 1mage area discrimination
result produced from the RAM § is delayed by F/Fs 49
and 50. An AND gate 51 selects a case wherein all of
the three image areas A(1), A(0) and A(—1) are binary
image areas. In this case, a switch Sd i1s operated by a
gate circuit 52 to select the slice binarization process.
Shift registers 53, 54 and 55 compensate for the delay by
the F/F 49 to match the timing.

TABLE 2
Condition Process
Dmax > E | a
Dmin < F | b

Dmax > E & Dmin < F Slice binarization

ForE—-F <« (Ct

Table 2 above shows an example wherein the prolcess |
mode for performing complete binarization is set In -
addition to the processes a and b. In Table 2, E and F

(E>F) are predetermmed values. Note that E—F <Ct.

When the maximum density Dmax of an 1mage area

exceeds the value E, that is, when the image is relatively
dark, the process a is performed so as to emphasize
black (e.g., a black edge of a black character is empha-
sized). When the minimum density Dmin is smaller than
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the value ¥, that is, when the image area is relatively
bright, the process b is performed (e.g., a white edge of
a white character or the like is emphasized).

When the maximum density Dmax exceeds the value
E and the mimmmum density Dmin i1s smaller than the
value F, the image area 1s determined to have a high
contrast between black and white and the conventional
slice binarization (complete binarization) is performed.
In this manner, when the processes are selectively set as
in Table 2 above, an excellent reproduced image can be
obtained.

Although the above description is made with refer-
ence to a monochrome image, the present invention can
also be applied to a color image.

As has been described above, different processes such
as the dither process and the slice binarization process,
for example, are performed within a single image, so
that a reproduced 1mage will not have an abrupt density
change from (white) to (black) and will be reproduced
with high precision.

A fourth embodiment of the present invention will
now be described. FIG. 12 is a block diagram showing
an image processing apparatus according to the fourth
embodiment of the present invention.

In FIG. 12, showing the configuration of the appara-
tus of the fourth embodiment, a comparator 61 com-
pares a digital image signal VD from a reader 81 with a
stored signal. More specifically, the comparator 61
compares a 6-bit input image signal VD with a 6-bit
image signal read out from a static RAM 63 to be de-
scribed later and having a capacity of 6-bit X1 Kword.
When the input image signal VD has a higher density
than the stored image signal, the comparator 61 supplies

a density level comparison output to a D F/F 62 which
controls the write operation in the RAM 63, so that the

input image signal is stored in the RAM 63 at a prede-
termined time. Thus, the comparator 61, the RAM 63,
and the D F/F 62 constitute a maximum density level
~detection circuit which sequentially compares the pel
density of an original image in the main scan direction
with a predetermined level and detects the maximum
density level. The maximum density level is detected
for each pel block which is obtained by dividing an
original image into unit blocks of 4 X4 pels. Taking an
example of a B4 size original which is a maximum size of
originals which may be usually copied, one main scan
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operation results in 4096 pels since one block consists of

16 pels. Therefore, the RAM 63 must have a capacity of
4096/4 pels, i.e., 1 Kword. |

The procedures for detecting the maximum density
level within each 43<4 pel block will be described be-
low. The maximum density level stored in the RAM 63
is a maximum density level in a pel block which 1s
scanned by a combination of a main scan and a sub scan.
Therefore, the imitial main scan of an original image 1s
defined as the first main scan. Starting from the start pel
or first pel in the (4n-+1)st (where n=0, 1, 2,...) main
scan, the density level at the (4n- 1)st (where n=0, 1, 2,
. . .) main scan is written i the RAM 63 as the initial
value of the density levels of the respective pel blocks.
Therefore, the following operation is performed within
a pel block including the start pel of the first main scan.
The density level of the first pel in the first main scan is
stored in the RAM 63. Next, a pel signal of the second
pel 1s supplied to the comparator 61 and is thereby
compared with the pel signal of the first pel stored in
the RAM 63. If the density level of the second pel is
higher than that of the first pel, the comparator 61
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supplies a corresponding output to the D F/F 62 which
then updates the density level of this pel in the RAM 63
to the density level of the second pel.

When the image signal of the third pel is supplied to
the comparator 61, it repeats the above operation to
perform a comparison of the input image signal with the
density level stored in the RAM 63. If the density level
of the third pel is higher than the stored density, the
density level of this pel block stored in the RAM 63 is
rewritten as the density level of the third pel. However,

if the density level of the stored pel signal is higher than

the input image signal, the density level for the pel
block stored in the RAM 63 is kept unchanged. Then, a
comparison between the pel signal of the fourth pel
with the stored pel signal 1s performed.

As a result of four comparison operations as de-
scribed above, when the pel signal of the fifth pel is
supplied to the comparator 61, the maximum density
level among those of the first to fourth pel signals is
stored as the maximum density level for the 4 x4 pel
block in the RAM 63.

‘Then, the density level of the fifth pel signal 1s stored
in the RAM 63, as the density level initial value for the
next pel block, by incrementing the memory address of
the RAM 63. Thereafter, the procedures for the start
pel block of the first main scan are repeated for the
second pel block so as to detect the maximum density
level among those of the fifth to eighth pels and the
detected maximum density is stored in the second mem-
ory address. -

When detection and storage of the maximum density
levels as described above are performed for all the pel
blocks within one main scan, the maximum density
levels for all the pel blocks within the first main scan are
stored in the IKword RAM 63.

When the second main scan is started and the pel
signal of the first pel of the second main scan is supplied
to the comparator 61, the memory address of the RAM
63 is returned to the start address. The maximum den-
sity level for the first pel block obtained in the first main
scan is read and is compared with the density level of
the input pel signal. In the same manner, the input pel
signals and the stored pel signal are sequentially com-
pared for the first to fourth pels in the second main scan,
thereby updating the maximum density level for the
first pel block. When the fifth pel signal in the second
main scan 1s supplied to the comparator 61, the memory
address of the RAM 63 1s incremented. The input pel
signals are sequentially compared with the maximum
density level stored for the second pel block obtained in
the first main scan.

Maximum density level detection and storage as de-
scribed above are sequentially repeated for the third and
fourth main scans. When the fourth main scan is com-
pleted, the maximum density level within 16 pels of the
start 4 X4 pel block is detected and stored in the start
memory address of the RAM 63. |

A comparator 65, a RAM 66 and a D F/F 64 for
controlling the write operation in the RAM 66 consti-
tute a miimum density detection circuit for detecting
and storing the mimimum density level for each pel
block in a manner similar to that of the maximum den-
sity level detection circuit described above. As has been
described above, when the fourth main scan is com-
pleted, the minimum density levels for the respectiive
43X 4 pel blocks are detected and stored in the RAM 66.

In the fifth main scan, in the same manner as each
4 X 4 pel block for the first line, the density level of the
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(4n -+ st (where n=0, 1, 2, . . .) pel is stored as the
density level of the respective pel blocks in the RAMs
63 and 66 for each 44 pel block of the second line.
Before the density level of each pel block of the second
line s detected and stored, the maximum and minimum

values of the density levels of the respective pel blocks
of the first line obtained in the first to fourth main scans

are read out from the RAMs 63 and 66, latched in D
F/Fs 79 and 80 for a time interval corresponding to the
subsequent 4 pel signals, and supplied to a subtracter 67.

The subtracter 67 calculates the difference between
the maximum density Dmax andthe minimum density
level Dmin for each image area consisting of 4X4 pel
blocks so as to discriminate the density gradient of each
image area. If the difference is small, the image area has
a smooth density change and can therefore be deter-
mined to be a halftone image area such as a photograph.
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However, if the calculated difference is large, the image

area can be determined to be a binary image area such as
a line or character. A different output signal from the
- subtracter 67 is supplied to a comparator 68 which
compares the input signal with a predetermined value
_corresponding to an intermediate value within a densﬂ:y
level range. In accordance with whether the image,
area is a binary image a halftone image or a multi-value
image area, the comparator 68 produces a 1-bit signal of
_iiOH‘ OI' 6519?

Referring to FIG. 12, the comparators 61, 65 and 68,
the RAMs 63 and 66, the D F/Fs 62, 64, 79, and 80, and
the subtracter 67 correspond to the image discriminat-
ing circuit 12 shown in FI1G. 12.

The circuit configuration for binarizing or quantizing
each image area in accordance with the image area
density gradient discrimination result will now be de-
scribed. In the configuration shown in FI1G. 12, a com-
parator 69 is a circuit for sequentially comparing an
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main scans. Therefore, the 4 line main scan delay cir-

cuits 70, 73 and 76 are used to match the timings in view

of this. N
The binary output image data and the two types of

dither binarized or quantized output image data which

are delayed for a period corresponding to 4 lines are
supplied to input terminals 1A and 2A and 1B and 2B of
an MPX 77. The MPX 77 produces from output termi--

nals 1Y and 2Y a suitable output in accordance with the
“1” or “0” level of the image area density gradient
discrimination input received at a control input terminal

'S from the comparator 68. When the image area is de-

termined to be a binary image area, the bmary output
image data is produced. When the image area is deter-
mined to be a halftone image area, quantized output
image data (image data from the first and second dither
circuits) 1s produced |

The two image data produced from the MPX 77 are
supplied to an MPX 78 and converted into three values.
A select input terminal S of the MPX 78 receives a
clock signal CK2 having a speed twice that of an exter-

nally supplied image data transfer clock. The MPX 78

alternately switches the two image data and converts
them into the three values in the following manner.

FIG. 14 is a timing chart for explaining image repro-
duction of a dither three-value image area formed by

- the two types of dither patterns as described above and
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of a binary image area formed by slicing at a predeter-
mined threshold level. As shown in FIG. 14, an 1image
area density gradient discrimination output 17-S sup-

- plied to a select input terminal S of the MPX 77 is “1”
- in the first half of the period, indicating a slice binary-
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input image signal with a predetermined threshold

level, thereby binarizing the input signal. The binary
output image data from the comparator 69 is supphed to
‘a 4 line main scan delay circuit 70. A comparator 71 is
a first dither binarizing circuit which compares an out-

' put from a dither circuit 72 with an input image signal.

The comparator 71 supplies the dither binarized output
image data to a 4 line main scan delay circuit 73. A
comparator 74, a dither circuit 75, and a 4 line main scan
delay circuit 76 similarly constitute a second dither
binarizing circuit. The difference between the dither
~circuits 72 and 75 resides in that although the corre-
sponding threshold levels in a 4 X4 dither matrix hoid a
predetermined relationship, the pels constitute different
- dither matrices, as shown in FIGS. 13(A) and 13(B) or

"FIGS. 13(C) and 13(D). In the dither matrices shown in
FIGS. 13(A) and 13(B), the corresponding threshold
levels are different by *“2”. In the dither matrices shown
in FIGS. 13(C) and 13(D), the threshold levels are dif-
ferent by one cycle, that is, the corresponding threshold
levels are different by “32”. In a conventional 4X4
dither matrix, only 17 pseudo gray levels can be pro-
duced. However, when the two types of dither matrices
as described above are used, the two dither binary out-
put image data can be combined to provide 33 pseudo
gray levels.

Discriniination of each image area as described above
is performed for an image area consisting of 4X4 pel
blocks. Therefore, whether to perform the binarization
or dither binarization or muiti-level quantization binari-
zation for each pel block of the first line in the first to
fourth main scans is performed during the fifth to eighth
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image area, and is “0” in the second half; indicating a

halftone image area. When the binary image data is

supplied to the input terminals 1A, 2A, 1B and 2B of the

MPX 77, the two series of image data having wave-
forms shown in FIG. 14 are obtained from the output
terminals 1Y and 2Y and are supplied to input terminals
A and B of the MPX 78. An output Y of the MPX 78_
produces image data havmg the waveform as shown in
FIG. 14.

Therefore, when the discrimination result of the |
image area gradient is binary image data sliced by the
comparator 69, the image data is supplied to a printer 82
such as a laser beam printer. When the laser beam
printer is used, the laser beam is repeatedly turned on
and off at a time interval corresponding to one pel and
an electrostatic image corresponding to black and white
is obtained in units of pels. However, if the discrimina-
tion result of the image area gradient is halftone image

data, the ON/OFF periods of the laser beam are deter-

mined in the following manner. For pels 6) and @® in

a halftone image area period indicated at the lowermost
row in FIG. 14, the ON period of one pel is determined
by the dither binary outputs 1Y and 2Y. For example,

for the pel (6), for the first half of the period, the laser

beam is turned on in accordance with the threshold
level of the dither circuit 72, and for the second half, the
laser beam is turned off in accordance with the thresh-

‘old level of the dither circuit 75. As a result, for the pel

6, two electrostatic latent images having a spot diam-
eter about half of the normal diameter are formed in an
area of one pel. Therefore, by combining the two types
of dither matrices in which rospeotive threshold levels
have a predetermined relationship, i.e., one pel obtained
by the dither binarization can be reproduced in one of
white, black and a third level intermediate therebe-
tween. | |
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Multi-level quantization of the reproduced image
density in accordance with the combined dither matri-
ces can be changed to four- or five-level quantization by
using four or five different dither matrices. For exam-
ple, a five-level quantized image can be obtained with
the four dither matrices as shown in FIGS. 15(A) to
15(1D). Four dither circuits are used which have four
different types of dither matrices with threadhold levels
having a predetermined relationship such that each
threshold is larger than the previous one by 1. The
dither binary output image data from these dither cir-
cuits are switched in a time-serial manner to change the
spot diameter of the laser beam of one pel at the ratios
of 4, 2/4, § and 4/4, respectively. Then, the density
level of each pel can be divided and a reproduced image
can have 65 gray levels.

The slice level in the slice binarization can be auto-
matically shifted in accordance with the calculation of
the maximum and minimum densities in each image
area.

A fifth embodiment of the present invention will now
be described. FIG. 16 is a block diagram of an image
processing apparatus according to the present inven-
tion. Numerals on respective signal lines denote the bit
number of the signals transmitted therethrough.

An analog image signal from a solid-state image pick-

up device 83 such as a CCD i1s quantized into a 63-level

(6-bit) digital image signal by an A/D converter 84.
Image tone extraction circuits 85 and 86 extract the
image tone in each image block consisting of a plurality
of pels. In this embodiment, each unit block consists of
4 X4 pels, and a maximum density Dmax and a mini-
um density Dmin of each block are extracted.

The 1mage tone extraction circuits 85 and 86 corre-
spond to the comparators 22 and 26, the F/Fs 23 and 25,
and the RAMs 21 and 24. Thus, each of the circuits 85
and 86 consists of a RAM and a comparator. Every time
the original scan of unit block by the CCD 1s completed,
the densities Dmax and Dmin are obtained as 6-bit sig-
nals.

A slice binarizing circuit 88 slices the 6-bit pel signal
at a predetermined slice level. A dither process circuit
89 uses a dither matrix for performing binarization. The
slice binarizing circuit 88 and the dither circuit 89 have
RAMs 16 and 17 as shown in FIG. 3. The slice binariz-
ing circuit 18 an automatic slice binarizing circuit which
calculates the maximum and minimum densities within a
predetermined range of an original and selects a slice
level at an intermediate level between the detected
aximum and minimum levels. The dither circuit 89 is
a three-level dither circuit. The image signals from the
circuits 88 and 89 are stored in buffer memories for
matching of timing with the outputs from the circuits 85
and 86, and are supplied to an MPX 90. The MPX 90 is

connected to an output device such as a printer.

The slice binarizing circuit can be a general slice
binarizing circuit using a fixed threshold level. The
dither circuit can be a general binarizing dither circuit
using one dither matrix.

A ROM 87 receives the image data at its address
inputs and stores numbers which are calculated in ac-
cordance with the image tone data and which corre-
spond to the dither or slice process. Therefore, the
binarizing method can be selected in accordance with
the image data supplied for each image area.

FIG. 17 shows a map of data written in the ROM 87.
“1” 1s written in the ROM 87 for selecting a slice binari-
zation process Sr when the difference AD =(Dmax — D-
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min) of a 4 X4 image area is 0.4 or more. “0” is written
for selecting a dither process DI when the difference
AD 1s less than 0.4. In FIG. 17, a boundary line indicates
a line corresponding to AD=0.4.

The ROM 87 has a capacity of 4 Kword X 1-bit. A
signal Dmin 1s connected to address lines A0 to AS, and
a signal Dmax 1s connected to address lines A6 to All.
The MPX 90 has a memory such as a RAM for storing
data “1” or “0” from the ROM 8§87.

The effect and advantage obtained with this method
are that 1mage processing corresponding to a density
can be performed without requiring the use of a loga-
rithmic correcting means which is conventionally used
since the output signal from the CCD does not corre-
spond to the original density. In the <-correction
method of the ROM used in the conventional cases,
when a 6-bit output signal from the CCD i1s converted
into a signal proportional to the original density, the
obtained signal ordinarily has 5 bits or less. Therefore,
when the image density is discriminated at a difference
AD of 0.4, a maximum of only (32X 32)/2 levels can be
obtained. In contrast to this, in accordance with the
method of the present invention, since the CCD levels
are calculated and written in the ROM, a maximum of
(64X 64)/2 levels 1s obtained, resulting in a precision
four times that obtained with the conventional method.
Furthermore, since the ROM areas have one-to-one
correspondence with the signals Dmax and Dmin, fine
correction of the threshold levels is facilitated.

A case 1s considered wherein when Dmin=P, the
slice binarization process is selected for AD=0.4, when
P>Dmin > Q, the slice binarization process is selected
for AD=0.6, and when Dmin=Q, the slice binarization
1s selected for AD=0.4. FIG. 18 shows the ROM data

in this case.

A sixth embodiment of the present invention will be
described below. FIG. 19 shows a block diagram when
a 4 Kword X4-bit ROM 1s used so that the user can
change the threshold level for automatic image process
selection m accordance with each original image.

FIG. 20 shows the contents of the ROM. Referring to
FIG. 20, an area wherein “0” 1s written corresponds to
the case wherein the difference AD between the maxi-
mum density Dmax and minimum density Dmin 1s
smaller than 0.2. Similarly, an area wherein “1” is writ-
ten corresponds to the case wherein the difference AD
falls within the range between 0.2 and 0.4. Therefore, 6
different processes may be adopted in accordance with
the value (0 to 5) of the output {from the ROM. Further-
more, the output from the ROM may be compared with
a predetermined value and then be binarized to perform
a two-step process. |

In this embodiment, as shown 1 FIG. 19, the output
level from a ROM 93 is compared with a signal from a
CPU 92 by a comparator 91. The signal process is se-
lected by an MPX 90 in accordance with an output from
the comparator 91. The process selection threshold
level can be easily changed by sending a command to
the CPU 22 by a key mput from a console or a VR
(volume) and sending a predetermined level of from O
to 5 to the comparator 91. '

According to another method, the ROM 87 (FIG. 16)
is divided at different levels to provide a plurality of
ROMs, and a desired chip i1s selected to provide the
same effect.

According to the embodiment of the present inven-
tion, an 1mage processing circuit 1s realized which can
extract an 1mage tone of an image block without cor-
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recting an image signal read by a CCD or the like,
process the data from the CCD without losing data and
- select the binarization method suitable for the image
tone. When the switching level between the binariza-
tion methods is rendered variable, a switch from the
complete dither process to the complete slice binary
process can be made with ease.

In the method described above, maximum and mini-
mum densities are used to obtain an image tone. How-
~ ever, a parameter which allows extraction of an image
tone can be used such as an average density, the number
of pels exceeding a predetermined reference value, and
the like. | | |
- A seventh embodiment of the present invention will
be described below. FIG. 21 1s a block diagram of an
image processing apparatus of this embodiment.

In the circuit shown in FIG. 21, an output from a
1-bit full adder 101 is temporarily held in a D F/F 102.

20

area of 4 mm X 180 mm is detected by the output from

- the D F/F 104.

10

15

In response to an externally supplied pel density signal

transfer clock, the D F/F 102 supplies data of the addi-
tion result to the full adder 101. Since the input pel
density signal VD has 6 bits, the adder can sequentially

20

add 16 input pel density signals VD in the main scan

~ direction. Thus, when input pel density signals VD
- within an effective area starting from the start pel of a
main scan are added, and the upper 6 bits of the addition
data are extracted upon completion of the 16 input pel
density signals, an average value of the 16 pel densities
1s obtained.

The data of the average value of the 16 pel densities
thus obtained 1s supplied to a comparator 103 andtoa D
F/F 104. An output from the D F/F 104 is supplied to

25

The maximum average density DAmax obtained for
each four main scans is supplied to a D F/F 106 which
receives a latch clock CK4 to be operated for each four
main scans. Then, the D F/F 106 holds the average
value for the next four main scan period. The output
from the D F/F 106 is supplied to a CPU 107 which
also receives the latch clock CK4 at its interrupt termi-

nal. Therefore, when pel data is read at a rate of 400
usec per line, the CPU 107 can fetch the maximum:
average density for each about 1.6 ms.

A comparator 108 and D F/Fs 109 to 111 0perate in
the same manner as the comparator 103 and the D F/Fs
104 to 106 to detect 2 minimum average density DAmin
in the image area having a size of £ imm X 180 mm. The
D F/F 109 is different from the D F/F 104 described
above. The D F/F 109 is preset such that the average
pel density for the first 16 pels of the main scan is
latched as the initial value. | | .

As described above, according to the conﬁguratlon |
shown in FIG. 21, by combining a comparator and a D
F/F and without using an expensive memory device,
the maximum and minimum average densities within an
image area in the 4 main scan period can be detected. At
the same time, data fetching in the CPU can be per-

- formed at a relatively low speed of 1.6 ms. Therefore, a

30

the comparator 103 which compares it with the input

pel density average signal. The D F/F 104 is preset such

that the output becomes “0”. Therefore, irrespective of 35

the initial input pel density average value, the compara-
‘tor 103 determines that the input pixel density average
value is greater than the other signal. In accordance
with this discrimination result, the output from the D
F/F 105 is rendered at “H” level. When the output from
the D F/F 105 is “H”, the average data of the 16 pel
densities is latched as the initial value in the D F/F 104.
At the same time, the D F/F 102 of 10 bits for holding
the addition result of the sequentlally supplied pel den-
sity signals is cleared to “0”. |

When the average value of the 16 consecutive pel
density signals 1s obtained 1n this manner, the compara-
tor 103 compares the previous pel density average value
latched in the D F/F 104 with the input pel density
average value. Only when the current input pel density
average value i1s greater than the previous one, the D
F/Fs 105 and 104 are operated. As a result, the D F/F
104 stores a maximum value among the input pel density
- signals recetved so far.

The above operation of the pel densrcy maximum
average value detection/storage is sequentially re-
peated for an effective image area of pel density signals
which are sequentially transferred in the main scan
~direction. When one main scan ends, a maximum value
-~ of 180 pel density average values obtained by dividing
an image area having a width of 1/16 mm and a length
of about 180 mm into unit blocks each having a size of
- 1/16 mm X1 mm, that is, a pel density average value
closest to black is detected. -

The detection operation of the average value of the
pel densities is repeatedly performed for a range of 4
main scans. When every four main scans are completed,
a maximum average density DAmax within an 1mage
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special CPU need not be used, and another CPU for'. |
another purpose can be commonly used. -
Furthermore, in the image processing apparatus of

| the present invention, the average value of the pel den-

sities for 16 pels is calculated in the main scan direction.
Therefore, the adverse effect on the pel density data is -

prevented when a bit error occurs in the output from
the image pick-up element. Since the maximum average

density DAmax is detected to be small for a thin line,a

data error of the pel density processed in accordance
with the maximum average density is not caused. How-

‘ever, for the minimum average density DAmin, even if

an original has a background of intermediate levels
between black and white such as a diazo original, the
density of the background can be detected with good
precision. In this manner, image density detection for
image processing can be performed at good precision.

A description will now be made of an algorithm for
determining the slice level of pel density signals in the
CPU in accordance with the maximum and minimum

~ average densities DAmax and DAmin.

In general, it is considered that the slice level for pel
density signal binarization is preferably selected to be
1(DAmax+DAmin). However, the values of DAmax
and DAmin are those based on the image area having a
size of 1/16 mm X 1 mm, and it is not always suitable to
select a slice level based only on the values of DAmax
and DAmin. Furthermore, as in a conventional appara-
tus, when a slice level is determined by prescan, if the
background is discriminated by visual observation, the
average value of pel densities within a relatively wide
range is calculated. In the apparatus of the present ap-
plication, although the basic operation is a sequential

operation type, the incorporation of a CPU allows aver-

aging of the image area for a wider range of image by
adding prevmus data to the new pel density average

data for 4 main scans.

.by:

In general, an average value XN of N data X, is given
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— N (1)
An = (I/N) 2 X;

=

= AN—1+ &N — XN_1)/N

The number N 1n the second term of the right-hand side
of this relation can be a factor which determines the
welghting coefficient for the Nth data X with respect 10
to the previous average value Xpn_1. Therefore, the
number N 1n the second term can be an integer multiple
of 2 to facilitate a calculation. Based on the maximum
and minimum average densities DAmax and DAmin in
the nth pel block and the data of the slice level Ln for
the nth pel block, the slice level Ln+1 for the (n+1)st
pel block 1s determined.

The pel block here means an image area in the 4 main
scan period.

15

20
2
Ln +1=(1/N) E (DAmax; + Daminj)/2 )
I=H—

= Ln + (1/N) {(D4max,, + DAmin,)/2 — Ln}

In this equation, when N=32, the average value 1s 2
calculated for 32 previous blocks, that is, for a range of
8 mm. Therefore, when a black stripe of about 1 m 1s
present in the main scan direction, the influence of the
stripe on the slice level is reduced, and the disturbance
of the reproduced image by an abrupt change in the
slice level can be reduced. When a stepped black image
is generated for several centimeters, the slice level
reaches a maximum threshold level at a delay of 8§ mm
from the image and the image can be completely repro-
duced 1n white. In view of this, the maximum and mini-
mum average densities DAmax and DAmin supplied to
the CPU must be limited. For this purpose, a calculation
1s performed. An example of this calculation 1s shown
below:

30

35

40
When DAmax, <A, DAmax,—DAmax,

When DAmin,>B, DAmin,—DAmin,__ 1

More specifically, when the maximum average den-
sity DAmax 1s very close to white or when the mini- 45
mum average density D Amin is very close to black, the
maximum or minimum average value is not used as the
data for calculating the slice level. Instead, the immedi-
ately preceding maximum and minimum average densi-
ties are held 1n registers and are used for the nth data. 5

FI1G. 27 shows a flow chart for performing such a
calculation 1n accordance with a program stored in the
ROM in the CPU 107. The flow chart shown in FI1G. 27
will now be described.

In step S1, the slice level Ln is set at 32 as an initial 55
value. In step S2, it is discriminated if the clock CK4 1s
inputted. If it 1s determined in step S2 that the clock
CK4 1s recetved, the flow advances to step S3 wherein
the maximum and minimum average densities DAmax
and DAmin are read. 60

In steps 54, S5 and S6, it 1s checked if the maximum
average value DAmax 1s smaller than a predetermined
value A. If the density DAmax, 1s determined to be
smaller than A, the immediately preceding (n— 1) maxi-
mum average density DAmax,_ is stored as the cur- g4
rent maximum average value in a register.

If the read maximum average density DAmax 1is
greater than the predetermined value, the flow goes to
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step S6. In step S6, the read density DAmax,, 1s stored in
the register storing the immediately preceding (n—1)
maximum average density.

In steps S7, S8 and S9, 1t 1s discriminated if the mini-
mum average value DAmin, is greater than a predeter-
mined value B. The value of each register is updated in
accordance with the discrimination result.

In step S10, the slice level Ln+1 for the (n+ 1)st pel
block 1s calculated in accordance with the equation (2)
based on the slice level Ln for the nth pel block, DA-
max,, DAmin,, and the number N of blocks to be con-
sidered.

In steps S11 and S12, the calculated slice level Ln+1
1s shifted in a register now storing the slice level Ln, and
1s supphied to a comparator 112,

When A and B described above are set to be (3) X 64
and (3)x64, the slice level is calculated to be
(A +B)/2=64/2. Therefore, the values for DAmax and
DAmin for the image portion of § mm at the leading
end of the original can be A and B.

A description will now be made with reference to a
pel density control variable resistor arranged in a con-
sole section in an image processing apparatus of this
type. In this image processing apparatus, an optimal
image can be obtained without requiring a manual oper-
ation. That 1s, when a control lever is set at the center
within a density control range, automatic control of the
image density 1s performed in accordance with the
above equation. When the control lever is set at a posi-
tion other than the center of the scale, the slice level can
be manually set in accordance with the set position. In
other words, the following equation is established.

Ln+1=[La+(1/NH{(DAmax,—DAmin,) X ?R-
+DAmin,—Ln}] . (3)

where VR is 0 to 1.0 in correspondence with the rela-
tive set position of the image density control lever, as
shown in FIG. 22. When the conditions for the values A
and B as described above are satisfied, even if the den-
sity control lever 1s set at a brightest or darkest position,
the slice level will not become below A or over B.
Accordingly, an optimal image reproduction can be
performed even for a white or black solid image.

A variable resistor 117 for image density control
shown 1n FIG. 21 supplies a 4-bit density preset signal to
the CPU 107.

A comparator 112 shown in FIG. 21 compares the
6-bit 1mage data of the input pel density signal with a
6-bit slice level signal from the CPU 107, thereby con-
verting the input pel density signal into binary image
data. The obtained binary image data is supplied to a
printer or the like.

A description will now be made of an algorithm for
calculating a shice level when a pel density signal is
quantized 1into a multi-level signal in the image process-
ing apparatus of this embodiment. In general, in a laser
beam printer, a multi-level latent image 1s formed by
changing the beam spot area by controlling the laser
beam radiation time per pel. For example, in order to
form a visualized 1mage in a three-level printer, the
beam spot for forming a one-pel image 1s divided into
first and second halves. Thus, we obtain a case wherein
the first and second halves are turned on, a case wherein
neither of the first and second halves 1s turned on, and
a case wherein only one of the first and second halves 1s
turned on. Each pel image 1s reproduced in one of three
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levels corresponding to these cases. In this manner, the
input pel density signal is converted into a three-level
density signal using different threshold levels in the first

and second halves of one pel.
The two slice levels L(1) and L) used for reproduc-
ing an image with three density levels are glven as fol-

lows as shown 1n FIG. 23:

4
S IO

{ [ (DAmax, + DAmin,) + (DAmax, — DAming) Vg (1) |
~ 2 —Jd

L2,

| DAmax, — DAmin,,
r yi i n n

| (5)
- Vg — ng) }]

In this manner, when a pel density signal is converted
into a three-level signal, two methods can be adopted.
- According to the first method, the two slice levels L(1)
and L) are linearly changed with the same decrement-
/increment in accordance with a change in the set posi-
tion of the density control lever. In accordance with the
second method, as shown in FIG. 24 or 25, although the
two slice levels L(1) and L(2) are changed linearly, the
decrements/increments for the two levels are different
from each other or between the first and second sub-
ranges of the entire density control range. The slice
levels L(D and L® shown in FIGS. 24 or 25 can be set
in accordance with the following calculation:

F1G. gi__

(6)
L®), |: L4

1 ((DAmaxn + DAmin,) + (DAmax, — DAming) VR (D }]
b) T &n

R

L( ) [Lf) <+ -I%T_ {(DAmax; — DAminn);R + DAmin, — Lf)}]

FIG. 25:
When VR Z 0.5
®
L, = [L(l) + % ( ~- (DAmax, + DAminp) + -

%-_ (DAmax, — DAmin,)Vg — L{V }:l

(9)
L(Z) I: L(Z) T{i_{ — -;’— (DAmax, + DAminn) + |
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- -continued

DAmin, — Lg) }]

. an
[Lj(,f) + #( % (DAmax, — DAmin")'I;R + .

DAmin, — Lf)_ ):l |

When the pel density signal is converted into a three-

level signal in this manner, the circuit shown in FIG. 21

must be modified as shown in FIG. 26. In the circuit -
configuration shown in FIG. 26, the two slice levels

"L and L® are set by the CPU 107 and are supplied to

comparators 121 and 122 which perform bianarization
of the input pel density signal. The binary image data

 from the comparators 121 and 122 are supplied to an

25

30
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MPX 123. 1-bit three-level image data is obtained by
alternately switching the data in accordance with a
clock signal CK2 having a rate twice that of an exter-
nally supplied image data transfer clock. The obtained

image data is supplied to a laser beam printer or the like.

Each slice level shown in the equations (3) to (11) can
be easily obtained by reading the resistance of the vari-
able resistor for image density control by the CPU 107
in step S10 in the flow chart shown 1 FIG. 27, and
calculating in accordance with the equations (3) to (11).

In the embodiments described above, a comparator is
used for performing a dither process or a slice binariza-
tion process. However, the dither process or the slice
binarization process can be performed using a memory

- hawng input pel data as an address.-
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-g— (DAmax, — DAming)Vg — L% }:I

When VR < 05

(10)

LJ(,I_)l_ [LEII] + j{,—{ 'g— (DAmax, — DAminy)Vg +
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The present invention is not limited to the partlcular
embodiments described above, and various other
changes and modifications may be made within the
spirit and scope of the present invention. |

What I claim is: |

1. An i image processing apparatus 'comprising |

first processing means for performing a halftone pro-

cess of input image data;

second processing means for performing a non-half—

tone process of the input image data; and
means for combining 1 image data produced from said
first and second processing means, wherein said
combining means has means for ORing and means
for ANDmg image data from sald first and second
processing means. |

2. An image processing apparatus comprising:

image data lnput means; | |

first processing means for processing image data from
said input means in an analog form to produce a
first reproduction signal;

second processing means for processing the image

data from said input means in a digital form to
- produce a second reproduction signal; and
“determining means for determining a characterisstic
~ of the image data from said input means and for
selecting the first or second reproduction signal in
accordance with the determination result.

3. An apparatus according to claim 2, wherein said
second processing means halftone-processes the image
data in a digital form to produce the second reproduc-
tion signal, and wherein said determining means deter-
mines whether the image data from said input means
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represents a halftone image or a non-halftone image and
selects the first or second reproduction signal in accor-
dance with the determination result.

4. An apparatus according to claim 3, wherein said
first processing means binarizes the input image data on
the basis of a threshold signal, said threshold signal
being selected in accordance with the input image data.

5. An apparatus according to claim 3, wherein said
second processing means has dither processing means
- for performing dither processing of the input image data
in accordance with a predetermined dither matrix.

6. An apparatus according to claim 3, further com-
prising first delay means for delaying the first reproduc-
tion signal produced by said first processing means, and
second delay means for delaying the second reproduc-
tion signal produced by said second processing means.

7. An apparatus according to claim 3, wherein said
input means includes an analog to digital conversion
means for converting analog image data to digital pixel
data, and wherein said determining means divides the
digital pixel data into a plurality of blocks, each block
being composed of a plurality of digital pixel data, and
determining whether each block has a halftone area or
a non-halftone area.

8. An apparatus according to claim 7, wherein said
determining means has storage means for storing the
maximum and minimum values of the digital pixel data
in each of the blocks, and determines whether each
block has a halftone area or a non-halftone area on the
basts of at least one of the maximum value and the mini-
mum value.

9. An 1mage processing apparatus comprising:

image data input means; |

first processing means for halftone-processing image

data from said input means to produce a first repro-
duction signal;

second processing means for non-halftone-processing

the image data from said input means to produce a
second reproduction signal; and

operating means for operating on the first and second

reproduction signals to produce a combination
signal.

10. An apparatus according to claim 9, wherein said
first processing means comprises dither processing
means for performing a dither process of the input
image data.

11. An apparatus according to claim 9, wherein said
second processing means comprises slice binarizing
means for performing a slice binarization process of the
input image data in accordance with a predetermined
thresehold level.

12. An apparatus according to claim 9, further com-
prising determining means for determining a character-
istic of the input image data and for selecting the first
reproduction signal or the combination signal in accor-
dance with the determination result.

13. An apparatus according to claim 12, wherein said
input means inputs pixel data having a predetermined
number of bits, and wherein said determining means
divides the input pixel data into a plurality of blocks and
determines a characteristic of the input pixel data for
each block, said block being composed of a plurality of
pixel data.

14. An apparatus according to claim 12, wherein said
determining means comprises a first determination cir-
cuit for determining whether the input image data rep-
resents a halftone image or a non-halftone image, and a
second determination circuit for determining a density
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level of the input image data, and wherein said deter-
mining means selects the first reproduction signal or the
combination signal in accordance with the result from
sald first and second determination circuits.

15. An apparatus according to claim 14, wherein
when said first determining circuit determine that the
Input image data represents a halftone image, said deter-
mining means selects the first reproduction signal.

16. An apparatus according to claim 15, wherein said
combining means has means for ORing the first and
second reproduction signals and means for ANDing the
first and second reproduction signals.

17. An apparatus according to claim 16, wherein
when said first determination circuit determines that the
input image data represents a non-halftone image and
said second determination circuit determines that a
density level of the input image data is high, said deter-
mining means selects the combination signal outputted
from said ORing means.

18. An apparatus according to claim 16, wherein
when said first determination circuit determines that the
input image data represents a non-halftone image and
sald second determiantion circuit determines that a
density level of the input image data 1s low, said deter-
mining means selects the combination signal outputted
from said ANDing means.

19. An image processing apparatus comprising:

pixel data input means;
first processing means for processing pixel data from
said input means in a first processing mode:

second processing means for processing the pixel data
from said input means in a second processing mode;
and

determining means for dividing the pixel data into a

plurality of blocks and for determining a character-
istic of an image for each block, said block being
composed of a plurality of pixel data,

sald determining means determining a characteristic

of an image in a block under consideration on the
basis of first and second parameters different in
type from each other and a block in the vicinity of
the block under consideration, and selecting the
first processing mode or the second processing
mode in accordance with the determination result,
wherein each of said first and second parameters is
associated with the block under consideration.

20. An apparatus according to claim 19, wherein said
first processing means performs halftone processing of
the input pixel data to output a first reproduction signal,
and said second processing means performs non-half-
tone processing of the input pixel data to output a sec-
ond reproduction signal, and wherein said determining
means selects the first or second reproduction signal in
accordance with the determination result.

21. An apparatus according to claim 20, further com-
prising combining means for combining the first and
second reproduction signals to produce a combination
signal, wherein said determining means selects any of
the first reproduction signal, the second reproduction
signal and the combination signal in acccordance with
the determination result. '

22. An apparatus according to claim 21, wherein said
determining means comprises a first determination cir-
cuit for determining whether the block under consider-
ation has a halftone area or a non-halftone area on the
basis of the first parameter, and a second determination
circuit for determining a density level of the block
under consideration on the basis of the second parame-
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- ter, said second parameter representing a density level
of the block under consideration, and wherein said de-
termining means selects any of the first reproduction
signal, the second reproduction signal and the combina-
tion signal on the basis of both the result from determi-

d

nation by said first determination circuit and the result

from determination by said second determination cCir-
cuit.

23. An apparatus according to claim 22, wherein said
 first parameter represents a difference between the max-

10

imum value and the minimum value of pixel data in the

block under consideration.
24. An image processing apparatus eompnsmg
1mage data input means for sequentiaily 1nputt1n g
image data; |
first processing means for processing the image data

15

from said input means without repeatedly using

said image data to produce a first reproduction
signal, said first reproduction s1gnal being a pulse-
width modulated signal;
second processing means for processing the image
- data from said input means without repeatedly
using said image data to produce a second Iepro-
duction signal; and

20

determining means for determining a characteristic of 25

the image data from said input means and for se-
lecting between said first processing means and
said second processing means in acccordance with
the determination result.

25. An apparatus according to claim 24, wherein said
input means inputs pixel data of predetermind bits, and
wherein said determining means divides the input pixel
data into a plurality of blocks, each block being com-
posed of a plurality of pixel data, and determines
whether the input pixel data has a halftone-area or a
non-halftone area for each block.

26. An apparatus according to claim 24, wherein said

first processsing means halftone-processes the input

image data to produce the pulse-width modulated sig-
nal, and said second processing means non-halftone-
processes the input image data to produce the second
reproduction signal, and wherein said determination
‘means determines whether the input image data repre-
sents a halftone image or a non-halftone image and
selects the pulse-width modulated signal or the second
reproduction signal in accordance with the determina-
tion result. | |

27. An apparatus according to claim 26, wherein said
first processing means performs dither processing of the
“input image data by utilizing a first dither matrix and a
second dither matridx to produce the pulse-width mod-
ulated signal, and wherein said second processing
means performs a binary coding processing of the input
image data by using a threshold of a predetermined
level to produce a binary signal. |

28. An apparatus according to claim 27, wherein said
- first processing means includes first delay means for
delaying a dither processed signal and said second pro-
cessing means includes second delay means for delaying
a binary coded signal. - |

29. An image processing apparatus comprising:

image data input means;

first processing means for processing image data from
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determining means comprising a table, for entering
the input image data directly as an address and for
determining a characteristic of the image data to
produce a predetermined signal for selection of the
first or second processing mode 1n accordance mth -
the determination result.

30. An apparatus according to claim 29, wherem said

first processing means halftone-processes the input

image data, said second processing means non-halftone-
processes the input image data, and said determining
means determines whether said i image data represents a
halftone image or a non-halftone image.

- 31. An apparatus according to claim 29, further com-
prising selection means for selecting the first or second
reproduction signal on the basis of the predetemined
31gnal wherein a selectlon basis of said selectlng means
1s variable. | |

32. An apparatus according to claim 29, further com-
prising detection means for dividing the input pixel data
into a plurality of blocks, each block being composed of

“a plurality of pixel data, and for selecting the maximum

and minimum values of the pixel data for each block,
wherein said input means enters pixel data of predeter-
mined number of bits, and wherein said determining
means enters the maximum and minimum values of the

pixel data for each block from said detection means as
address data and determines whether the image data
represents a halftone image or a non-halftone image,
said determining Imeans being provided with a memory.

33. An 1mage processing apparatus cempnsmg

digital pixel data input means; |

detecting means for dividing digital pixel data from

said input means into a plurality of blocks and for
detecting a predetermined value for each of the
blocks, each block being composed of a plurality of
digital pixel data; and

means for calculating a slice level for binarization of

the next block utilizing the predetermined value of
the previous block detected by said detecting
means.

34. An apparatus according to claim 33, whereln said
calculating means calculates the slice level for binariza-
tion of the next block in accordance with the slice level
and the predetermined value of the previous block.

35. An apparatus according to claim 34, wherein said
detecting means has first detecting means for dividing

- the input pixel data into a plurality of small blocks and

50
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said input means in a first processing mode to pro-

duce a first reproductlen signal;
second processing means for processing the unage
data from said input means in a second processing

mode to produce a second reproduction signal; and

65

for detecting an average value of a density for each of

the small blocks, and second detecting means for detect-
ing maximum and minimum values of the average val-
ues in a large block consisting of the plurality of small
blocks, and wherein the predetermined value is either
the maximum or minimum value. :
- 36. An image processing apparatus comprising:
image data input means; and
processing means for processing image data from sald
input means; .
wherein said processmg means includes means for
detecting a peak value of said image data inputted
from said input means, non-halftone process means
for performing a non-halftone process for the
image data to produce a first reproduction signal,
halftone process means for performing a halftone
process for the image data to produce a second
reproduction signal, and determining means for
determining a charateristic of the image data from
said input means and for selecting the first or sec-
~ond reproduction signal in accordance with the
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detemrination result, and wherein said non-half-
tone process means binarizes the input image data
on the basis of a threshold signal, said threshold
signal being selected in accordance with an output

of said peak value detecting means.
37. An apparatus according to claim 36, wherein said
input means includes an analog to digital conversion
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means for converting analog image data to digital pixel
data, and wherein said determining means divides the
digital pixel data into a plurality of blocks, each block
being composed of a plurality of digital pixel data, and
determining whether each block has a halftone area or

a non-halftone area.
A e e He o
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